METHOD, APPARATUS AND ARTICLE OF MANUFACTURE 
FOR MODIFYING PRINTING BASED UPON DIRECT 
ON-THE-FLY MEDIA CHARACTERISTIC PARAMETERS 



5 REFERENCE TO RELATED APPLICATIONS 

This is a continuation-in-part of U.S. Patent Application Ser. No. 09/876,507, 
filed June 6, 2001, entitled METHOD, APPARATUS AND ARTICLE OF 
MANUFACTURE USING MEDIA ROUGHNESS AS A PRINT PARAMETER, which 
is assigned to the assignee of the present invention and which is incorporated by 
10 reference herein. 



BACKGROUND OF THE INVENTION 



1. Field of the Invention . 
15 This invention relates in general to print output apparatus and methods, and 

more particularly to a method, apparatus and article of manufacture for modifying 
printing based upon direct on-the-fly media characteristic parameters. 



2. Description of Related Art . 

20 In electronic print devices for printing, copying and desktop publishing 

systems, images are usually offered in electronic form, and are then referred to as 
electronic images. These electronic images can be stored on magnetic disk or 
transported via direct links or networks to the print devices. The creation of a page 
results in an electronic data stream or electronic file describing the several elements 

25 of the page layout in electronic format. This electronic page layout is usually 
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expressed in a page description language. The electronic page layout comprises 
the data for each electronic image that must appear on the printed reproduction. 

In order to render images such as pictures, letters, and characters from input 
information, halftone screens are used to cause the illusion of continuous-tone 
pictures when the display or print device is capable of producing fewer levels than 
are specified by the image. For example, input images are divided into a number of 
very small cells (called picture elements herein below) arranged in matrix form and 
each of the printed images is obtained as a whole by using picture element 
reproduction elements, where each picture element reproduction element 
corresponds to at least one or more picture elements. In general, according to this 
method, in most cases, logic circuits such as digital integrated circuits are used in 
electric circuits driving picture element reproduction elements. 

In such a printing device, each electronic gray level, which may be an eight- 
bit number, for example, having a value N between 0 and 255, is converted to a 
visual density on the hard copy. This density, D, is defined as the negative base ten 
logarithm of the portion of reflected or transmitted light from incident light on the hard 
copy. The relation between the gray level N and the density D is strongly dependent 
on the output device. In order to get the same reproduction from the same 
electronic page layout on different output devices, the gray level N is not fed directly 
to the printing device, but rather a stimulus value S is applied to the printing device. 
The stimulus value S is derived from the gray level N in such a manner that after 
transformation of the stimulus S to a density D by the printing device, a specific 
relation exists between the gray level N and the resulting density D. This is called 
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linearization of the printing device, and is thus achieved by establishing a device 
specific relation between the gray level N and the device stimulus S. This relation is 
referred to as a tone curve or a transfer function. 

It is known in the art that most printing devices have a device specific transfer 
function incorporated, which is obtained by calibration. Each time when electronic 
images are printed on this device, the same device specific transfer function is 
applied to the gray levels of the electronic image. 

Problems arise when the output mode of the output device changes without a 
corresponding change in print parameters. One output device can for example 
render electronic images on an output medium. The term medium or media 
indicates the physical material on which the output appears. Printers require 
reasonably high quality media in order to achieve high quality printing. As applied to 
paper, "print quality" is an assessment of at least one particular paper characteristic 
parameter. There are many influential objective factors bearing upon the print 
quality of print media. 

There have been suggestions to consider characteristics of print media to 
optimize printing. For example, U.S. Patent No. 4,835,573 issued May 30, 1989 to 
Charles Rohrer et al., which is assigned to International Business Machines 
Corporation, the assignee of the present invention, discloses using processing 
elements, such as microcode, to count the number of cut sheets fed from a supply 
bin and also to monitor the amount of bin travel. The data obtained is then used to 
estimate sheet thickness and weights to adjust machine operating elements which 
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4 

are sensitive to supply sheet quality parameters. However, actual media 
characteristic parameters are not directly measured on-the-fly. 

U.S. Patent No. 6,088,547 issued July 11, 2000 to Michael Martin et al., 
which is assigned to Hewlett-Packard Company, suggests measuring a sympathetic 
5 response induced by the vibrating print media as it advances through the paper 
path. Sensors measure the vibration and associate the magnitude of vibration with 
the roughness of the paper, i.e., rougher paper vibrates more. The measured 
sympathetic response is then used to select a fuser temperature. However, actual 
O media characteristic parameters are not directly measured on-the-fly. Rather, the 
V 1 0 roughness of the paper is obtained indirectly from vibration characteristics, 
g Co-owned U.S. patent application Ser. No. 09/876,507, filed June 6, 2001 , 

pj entitled METHOD, APPARATUS AND ARTICLE OF MANUFACTURE USING 
jL MEDIA ROUGHNESS AS A PRINT PARAMETER, the disclosure of which is hereby 
fy incorporated by reference, uses a fresnel lens and reflected light to directly measure 
0 1 5 the paper roughness. The directly measured paper roughness is then used to select 
the halftone screen. 

Still, the use of other media characterization in setting printing parameters 
would allow high quality output to be obtained with a larger range of media than can 
be achieved with static printer parameters. The improvement of printing quality on 
20 media outside the "preferred" media types for the printer would provide more 

consistent and higher-quality overall printing. Additionally, support for a range of 
media wider than that currently supported would improve customer satisfaction by 
allowing customers more flexibility and cost savings on media used. 
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It can be seen then that there is a need for a method, apparatus and article of 
manufacture for modifying printing based upon direct on-the-fly media characteristic 
parameters. On-the-fly measurement and modification of parameters is important to 
print quality because print characteristics can change during the printing of a print 
job. For example, a parameter such as paper composition or texture can be non- 
constant through a roll of paper on which the print is marked. Additionally, on-the-fly 
adjustment reduces required operator interaction for high print quality. 
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SUMMARY OF THE INVENTION 
To overcome the limitations in the prior art described above, and to overcome 
other limitations that will become apparent upon reading and understanding the 
present specification, the present invention discloses a method, apparatus and 
5 article of manufacture for modifying printing based upon direct on-the-fly media 
characteristic parameters. 

The present invention solves the above-described problems by on-the-fly 
directly measuring a media characteristic parameter and performing real-time print 
□ modification in response thereto. 

jj 10 A method in accordance with the principles of the present invention includes on- 

O the-fly directly measuring at least one print media characteristic parameter and 
2 modifying in real-time printing by a print device in response to the on-the-fly directly 
J\ measured print media characteristic parameters. 

m In another embodiment of the present invention a print device is provided. 

p 15 The print device includes a marker system for rendering a page layout on a medium 
and a processing system, coupled to the marker system, the processing system 
directly measuring at least one print media characteristic parameter on-the-fly and 
modifying in real-time printing by the print device in response to the at least one on- 
the-fly directly measured print media characteristic parameter. 
20 In another embodiment of the present invention an article of manufacture 

including a program storage medium readable by a computer is provided. The medium 
tangibly embodies one or more programs of instructions executable by the computer to 
perform a method for modifying printing based upon direct on-the-fly media 
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characteristic parameters, the method comprising on-the-fly directly measuring print 
media characteristic parameters and modifying in real-time printing in response to 
the on-the-fly directly measured print media characteristic parameters. 

These and various other advantages and features of novelty which characterize 
the invention are pointed out with particularity in the claims annexed hereto and form a 
part hereof. However, for a better understanding of the invention, its advantages, and 
the objects obtained by its use, reference should be made to the drawings which form 
a further part hereof, and to accompanying descriptive matter, in which there are 
illustrated and described specific examples of an apparatus in accordance with the 
invention. 
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8 



BRIEF DESCRIPTION OF THE DRAWINGS 
Referring now to the drawings in which like reference numbers represent 

corresponding parts throughout: 

Fig. 1 illustrates a block diagram of a print device according to the present 

invention; and . 

Fig. 2 illustrates a block diagram of a print device having an on-the-fly media 
characteristic parameter measuring and print modification system according to the 
present invention; and 

Fig. 3 illustrates a block diagram of a print device for modifying printing based 
upon direct on-the-fly media characteristic parameters according to the present 
invention; and 

Fig. 4 illustrates a flow chart of the method for modifying printing based upon 
direct on-the-fly media characteristic parameters according to the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 



In the following description of the exemplary embodiment, reference is made 
to the accompanying drawings that form a part hereof, and in which is shown by way 
of illustration the specific embodiment in which the invention may be practiced. It is 
to be understood that other embodiments may be utilized as structural changes may 
be made without departing from the scope of the present invention. 

The present invention provides a method, apparatus and article of 
manufacture for modifying printing based upon direct on-the-fly media characteristic 
parameters. Media characteristic parameters are measured directly on-the-fly and 
real-time print modification is performed in response thereto. 

Fig. 1 illustrates a block diagram of a print device 100, such as a printer or a 
digital copier, according to the present invention. Those skilled in the art will 
recognize that the sub-units of the print device illustrated in Fig. 1 may not 
necessarily relate directly to any physically identifiable mechanism. Sub-units can 
also be a set of definable logical processes, such as interpreters for page description 
languages or command processors that set various operating modes of the print 
device. 

Fig. 1 illustrates the three basic functions of the print device: (1 ) the flow of a 
print file into an interpreter and onto the marker, (2) the flow of media through the 
marker and (3) the auxiliary sub-units that control and facilitate the two flows. As 
shown in Fig. 1, the flow of the print data comes through a physical connection 110 
on which some form of transport protocol stack is running to a print device interface 
1 12. The data provided by the transport protocol (interface) appears on a channel 
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1 1 4. The channel 1 14 provides the data stream to the input of an interpreter 1 1 6. 
The interpreter 1 16 is responsible for the conversion of a description of intended 
print instances into images that are to be marked on the media. A print device may 
have one or more interpreters. 
5 As shown in Fig. 1 , the media 160 initially resides in Input sub-units 120 from 

which the media 160 is selected and then transported via a Media Path 150 first to a 
Marker 130 and then onto an Output 140 with (optionally) some finishing operations 
170 being performed. The Input 120 is a mechanism that feeds media to be marked 
_ on into the print device. There may be as many Inputs 120 as there are distinctly 
^; 10 selectable input "addresses". The Media 160 is an extension of the Input 120 which 
5 represents that media that is in an Input 120. The Output 140 is a mechanism that 
y : receives media that has been marked on. A print device may contain one or more 
* Output mechanisms 140. There are as many Outputs 140 as there are distinctly 

ff; selectable output "addresses". A finisher 170 is a unit that performs some 
Jf 1 5 operations on the media other than marking. Some examples of finishing processes 
^ are stapling, punching, binding, inserting, or folding. The optional finisher 170 can 
be used to apply highlight color, an image or MICR (magnetic ink character 
recognition) ink or toner to the media. The marker 1 30 would also use the 
roughness of the media to determine the correct halftoning screen to use with the 
20 media. 

A Marker 130 is the mechanism that produces marks on the print media. A 
print device can contain one or more Markers 130. Some examples of multiple 
marker sub-units 130 are: a print device with separate markers for normal and 
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11 

magnetic ink or an imaging system that can output to both a proofing device and 
final film. Each Marker 130 can have its own set of characteristics associated with it, 
such as marking technology and resolution. The media paths 150 encompass the 
mechanisms in the print device that move the media through the print device and 
5 connect all other media related units: Inputs 120, Outputs 140, Markers 130 and 
Finishers 170. A print device may contain one or more media paths 150. In general, 
the design of the media paths 150 determines the maximum speed of the print 
device as well as the maximum media size that the print device can handle. Media 
O paths 150 are complex mechanisms and can contain many different identifiable sub- 
« 10 mechanisms such as media movement devices, media buffers, duplex units and 
Ff interlocks. Not all of the various sub-mechanisms reside on every media path 150. 
S| For example, one media path may provide printing only on one surface of the media 
L (a simplex path) and another media path may have a sub-mechanism that turns the 
III media over and feeds it a second time through the marker sub-unit (a duplex path). 
O 1 5 The duplex path may even have a buffer sub-mechanism that allows multiple copies 
of the obverse side to be held before the reverse side of all the copies are marked. 

The auxiliary sub-units, such as the General Print Device 102, Operator 
Console 180 and Alerts 182, facilitate control of the print device, inquiry/control of 
the operator panel, reporting of alerts, and the adaptation of the print device to 
20 various natural languages and characters sets. The General Print Device 102 is 
responsible for the overall control and status of the print device. The Operator 
Console 180 is used to display and modify the state of the print device. The console 
180 can be as simple as a few indicators and switches or as complicated as full 
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12 

screen displays and keyboards. The Alert unit 182 is responsible for detecting 
reportable events, making an entry in the alert table and, if and only if, the event is a 
critical event, initiating a trap. For example, if the correct textured media is not 
loaded in the print device then this could be communicated back to the host through 
the bi-directional print data stream 104, In addition to this, an alert via the Alert unit 
182 can be used to notify the manager of the printer that the correct media is not 
loaded in the printing device, or that the media has characteristic parameters that 
have changed. 

All of the above described functions run on the System Controller 118, which 
represents the processor, memory and storage systems of the print device. The 
System Controller 118 implements the control functions for processing a print job. 
The System Controller 118 includes the Management Information Base (MIB), which 
provides access to data elements of the print device, such as the processor(s), 
memory, disk storage, file system and other underlying sub-mechanisms of the print 
device. The System Controller 118 can range from simple single processor systems 
to multiprocessor systems. In addition, controllers can have a full range of 
resources such as hard disks. Those skilled in the art will recognize that a print 
device may have more than one processor and multiple other resources associated 
with it. 

A process for on-the-fly directly measuring a media characteristic parameter 
and performing real-time print modification in response thereto is performed by the 
System Controller 118. The process, as will be described below with reference to 
Figs. 2-4, may be tangibly embodied in a computer-readable medium or carrier, e.g., 
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one or more of the fixed and/or removable data storage devices 1 90, or other data 
storage or data communications devices. The computer program 192 of the storage 
desvice 190 may be loaded into System Controller 1 18 to configure the System 
Controller 1 18 for execution. The computer program 192 comprise instructions 
5 which, when read and executed by the System Controller 1 1 8 causes the System 
Controller 1 1 8 to perform the steps necessary to execute the steps or elements of 
the present invention. 

Fig. 2 illustrates a block diagram of a print device 200 having one 
p embodiment of a media characteristic parameters measuring system according to 
5 10 the present invention. In the embodiment illustrated in Fig. 2, the print device 200 
O may measure media roughness and includes a controller/processor 210. The 
2 processor 21 0 controls the light source (LS) 21 2, a device for converting light into 
!\ proportional (analog) electrical current such as a charged coupled device (CCD) 214 
fjj and the marker 21 6 or other hardware for rendering an electronic image onto some 
C3 15 type of output media such as paper. Alternatively, a CMOS camera may be used, 
and in general a digital camera or any other scanning element, which is capable of 
transforming light intensity into digital values, may be used. The word "scanner" will 
be used to include all such camera devices as well as other more traditional one- or 
two-dimensional element scanning arrays. The CCD 214 above the media path 220 
20 measures the light from the light source that is reflected by the media. Smooth 
media reflects more light and therefore the CCD 214 generates a signal that is 
proportional to the amount of reflected light. Rough media will reflect less light. The 
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sensitivity of the CCD 214 provides for an output signal that represents a wide 
spectrum of media smoothness. 

A fresnel lens 218 is used to gather together the rays of light coming from a 
source and direct them into a narrow beam. Thus, the fresnel lens 218 inserted in 
5 front of the CCD prevents dispersed light from being measured. Since rough media 
disperses the light at many different angles, the amount of light received back in 
nearly parallel rays is an indication of its smoothness. Off white or colored media 
could be compensated for by a form description entered by the operator describing 
^ its; color. In fact on a print device color display, examples of different shades of 

10 colored media could be displayed. Then the operator would simply select the color 
S that most closely matches the actual media color. The smoothness could then be 
m automatically measured, taking into account any effect the color of the media could 
* be expected to have on the reflected light measurement. 

■H The smoothness processing system 230, which may be formed, for example, 

S IJ: 

{f 15 by processor 210, light source 212, CCD 214 and fresnel lens 218, is just one way of 
F " determining the roughness of the media. Alternatively, a user of the print device 200 
miay select the quality of the media needed for his application manually using a user 
input interface 240. Using the user input interface 240, the user may simply select a 
media smoothness for media being used by the print device. If only the manual 
20 method is used, obviously the LS 212, CCD 214 and fresnel lens 218 are not 
needed. Both manual and automatic media roughness selection provide the 
benefits of the best possible screening algorithm to match the particular media 
chosen. Those skilled in the art will recognize that the automation of measuring 
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smoothness of the media does not have to be implemented for the basic idea of 
utilizing the media roughness information to generate better output such as by 
selecting the screening algorithm to work best with the given media roughness. The 
media roughness print parameter can also be entered remotely and then be stored 
with a particular job. The parameter can then come down the print stream to 
processor 210 of the print device 200 in a job ticket. Accordingly, the parameter in 
the job ticket may indicate to the processor 21 0 that the current print job is for an 
important customer that requires the smoothest media, or the parameter may 
indicate to the processor 210 that rough media is to be used, for example, for 
greeting cards or stationary. 

The processor 210, through data supplied by the user via the user input 
interface or via an electrical signal from the CCD representing the roughness of the 
media, selects an optimum halftone screen for the level of media roughness. Media 
roughness values may be included in the forms definitions to make possible quick 
selection of the optimal halftone screens by the processor 210. Accordingly, better 
print quality is provided using less expensive media. Moreover, marketing 
departments are better able to justify the print device costs based on the savings in 
media costs for the desired quality. 

Fig. 3 illustrates a block diagram 300 of a print device for modifying printing 
based upon direct on-the-fly media characteristic parameters according to the 
present invention. In Fig. 3, the print device includes surface coating elements 310, 
312. The surface coating elements may apply a surface coating on the media 
before printing. Surface coatings are typically starch, rosin, or another appropriate 
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coating to which the toner can property adhere. As shown in Fig. 3, the surface 
coating elements include coating rollers 314 for applying a coating supplied to the 
coating rollers by a coating source 316 to at least one side of the media. In addition, 
or alternatively, a sprayer 318 may spray the coating on the media. The sprayers 
318 and coating rollers 314 may be disposed on only one side of the media, or may 
be disposed on both sides of the media. 

Fig. 3 also shows hot rollers 330, 332 that may hot roll the media before 
printing. The media may be moved through a pair of rollers 330, 332 where one or 
both may be heated, to flatten and dry the media. The media may be hot rolled after 
the application of a coating (via rolling 310, spraying 312, etc.) to cure the coating 
and to promote the flattening of rough media fibers. In addition, or alternatively, hot 
rollers 330, 332 may be used prior to application of the coating to lower the moisture 
content of the media thereby improving coating coverage and adhesion. 

In Fig. 3, the quality of adhesion to the media may be measured by scanners 
340, 342 during printer alignment and threading. For example, a test pattern may be 
printed on the media, fused, and recorded by one or two scanners 340, 342 at the 
output of the fuser 350, 352. A first CCD camera 340 may be used to measure the 
printed side of the media, and if a second CCD camera 342 is used, it will measure 
the unprinted side of the media or the other printed side of the media. 

In a laser printer embodiment, wherein a marker (i.e., a printing device) 
applies marking to the media, e.g., toner, media with long, smooth fibers (e.g., the 
eucalyptus papers of east Asia) or undesirable coating that inhibits adhesion will 
suffer toner removal at the hot roll. Toner removal may be recorded by scanners 
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340, 342. Such media will require a starch or rosin-type coating to promote 
adhesion. Accordingly, the detection of hot roll toner removal at the scanners 340, 
342 can trigger the processor 370 to initiate the coating process. An alignment 
patch may even be re-run to verify the print quality improvement achieved with the 
coating. 

The marker 360 is controlled by a processor 370 to render an electronic 
image onto some type of output media, such as paper. Such images are often 
rendered using halftoning algorithms. According to the present invention, halftoning 
algorithms implemented by the processor 370 and marker 360 may be adjusted for 
media surface and absorption characteristics, where dot gain may be exploited in 
media types that promote dot gain. For example, papers showing spatially varying 
dot gain, that may be seen with inconsistent or very rough papers, can have halftone 
screens implemented by the processor 370 and marker 360 adjusted accordingly to 
improve print quality. Media showing excessive dot gain, or thin media experiencing 
"bleed through", may have either halftone screens or toner concentration algorithm 
implemented by the marker adjusted for lighter print. 

A scanner 380 may be included to detect mottle effects in the media. Mottle 
in the media affects the quality of the print, and can result in print mottle, reducing 
print quality in Electrophotographic (EP) and inkjet printers. Utilizing low-cost 
polymer substrate scanners 380, or similar low-cost device, an array (1-D or 2-D) of 
scanning elements is placed early in the media path. A 1-D array will be less 
expensive, as well as decreasing the cost of the light source 382, 384 required. A 
flash lamp 384 behind the media may be used to illuminate the media from behind, 
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and the resulting transmitted image is collected by the scanning element 380. 
Alternatively, a top lamp 382 may be used to gather reflected light, or a combination 
of the two 382, 384 may be used. 

Patterns of light and dark will be read by the scanner 380 from the mottle in 
the media. The light differentials across the transmitted pattern allow the 
measurement of the severity of media mottle and its spatial pattern in that local 
region. The scanners 380 will be able to operate at the frequencies required. This 
information may be fed, as a lookup table or a parameter adjustment in real time, 
into the print quality enhancement (PQE) algorithm that is implemented in the 
processor 370 to adjust the PQE algorithm in local regions across the media to 
compensate for mottle. Alternatively, if hardware screening is performed in real 
time, the local mottle information can be used to adjust the screening algorithm 
applied by the processor 370 and marker 360 locally for mottle in real time. 

In addition, the results of mottle measured by scanner 380 can be used to 
drive the local coating system, e.g., in a region where the media is very thin, coating 
may be applied thicker than in other regions where the media is thicker. This will be 
most critical to inkjet printing where bleedthrough is a problem. The local change of 
coating may be able to save coating material, and thus cost, by using the coating 
where it is needed most. 

Transmitted or reflected light from the media, as measured by the scanner 
380, can also reveal the directions of long fibers in the media. Normally during the 
media manufacturing process, the long fibers are aligned along the process direction 
for strength. However, in low-cost or recycled media, the fibers may be less well 
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behaved. In this case, knowing the fiber directions in the media may be used to 
change the screening angles applied by the processor 370 and marker 360 in a 
page to best suit the average overall fiber directions in the page, which may improve 
the print quality by preventing screen interaction with long fibers. This method may 
be used in single color, highlight, and process color printing process. 

Fig. 4 illustrates a flow chart 400 of the method for modifying printing based 
upon direct on-the-fly media characteristic parameters according to the present 
invention. Print media characteristic parameters are measured on-the-fly 410. 
Then, printing is modified in real-time in response to the on-the-fly directly measured 
print media characteristic parameters 420. The modifications, as described above, 
may include application of a coating, hot rolling, scan and measurement by a 
scanner at the output of the fuser, halftoning algorithm adjustment by the processor 
and marker and adjusting toner concentration when the print quality is poor. 

Accordingly, the present invention provides a method, apparatus and article 
of manufacture for modifying printing based upon direct on-the-fly media 
characteristic parameters. Media characteristic parameters are measured directly 
on-the-fly and real-time print modification is performed in response thereto. 
However, those skilled in the art will recognize that the present invention is not 
mieant to be limited to a print device that uses all of the above-described features. 
Rather, any combination of the above-described features may be implemented to 
provide a print device for modifying printing based upon direct on-the-fly media 
characteristic parameters. Additionally, other parameters might be measured on- 
the-fly for the adjustment of print without departing from the spirit of this invention. 
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The parameters mentioned above have been listed as examples of parameters 
relevant to electrophotographic and inkjet print systems where the customer is 
sensitive to paper cost. 

The foregoing description of the exemplary embodiment of the invention has 
been presented for the purposes of illustration and description. It is not intended to 
be exhaustive or to limit the invention to the precise form disclosed. Many 
modifications and variations are possible in light of the above teaching. It is 
intended that the scope of the invention be limited not with this detailed description, 
but rather by the claims appended hereto. 
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